02/16/2007 16:01 FAX 714 540 9823 



FCH&S COSTA MESA 



BEST AVAILABLE COPY 



@084 



(19) 



(12) 



(43) Date of publication: 

03,11.1999 Bulletin 1999/44 



rzrz: iiiMiiiiii 

OffJce europeon des brevets (if) EP 0 953 450 A1 

EUROPEAN PATENT APPLICATION 

(51) IrrL CI*: B41J 2/175, B41J 2/14 



(21) Application number: 99106827.1 

(22) Date of filing: 06.04.1S99 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT Ll LU 
MCNLPTSE 

Designated Extension States; 
ALLTLVMKROSI 

(30) Priority: 30.04.1998 US 70896 
28.10.1998 US 181953 

(71) Applicant 

Hewlett-Packard Company 
Palo Alto, California 94304 (US) 



(72) Inventor: Preston, D. Sou 
Vancouver, WA 98683 (US) 

(74) Representative: 

Sohoppe, Fritz, DlpMng. 
Scfloppe, Zimmerman n & StockeJer 
Patentanwarte 
Postfachn 0S67 
81458 MQnchen (DE) 



(54) InkJet ink level detection 

(57) An Inkjet printing system (Fig. 4, Fig. 5) 
includes a permanent or semi-permanent Inkjet pen 
(28, 30. 32, 34) containing small glass beads (58) for ink 
containment and to provide backpressure to the ink 
The inkjet pen walls (SO) are transparent and the printer 
has an optical sensor (60) that detects changes in 
reflectivity in the glass heads (58). The glass beads (58) 
change in reflectivity depending on whether or not they 



are saturated with Ink. The change in reflectivity there- 
fore functions as an effective out-of-fnk detector. When 
an out of Ink Indication is made, the printer (Fig. 4, Rg. 
5) executes a refill of the pen (28, 30, 32, 34). Two 
entwfirnents of refill mecharrisms are disclosed: a trail- 
ing tube design (Fig. 1 , Hg. 4), and a take-a-sp design. 
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Description 

BACKGROUND OF THE INVENTION 
s Reld gifts invention 

STL 7 ^ PreSent ^^J 6 <Jirecl8d t0 an ln ^ et P"n*0 system and method having an ink level detection system 
that uses changes in optical characteristics of a capillary ink containment material. 

io Description tf Hi» Related, M 

[0002] Inkjel printers operate by ejecting email droplets of ink from a prinihead onto a print medium. The orimhead is 

« P "* ead 31 * a aBpropriata "backpressure/ fte.. less than ambieTatrr^herlc pressure) to ten 

^i,n^^ a fr ° m ^^ff wne " 4,16 pen * nta Va "°- -echanfems'Le tee^nXSS 

SS£iSf fl ^! T spnna * ,ased f1adble bags. When the inkis deleted from the pen. it may advantageous 
o^ecesaaryto automabcaJly sense the empty condition of the pen. For example, the system may be designed toauto- 

*> T^Z TV^T? mMn, J? l flexib,B **■ <* - ^nSadTeliil statist In 3E2SE SaX 
so done to the pnnthead if it is operated whan the pen iaanpty. 

f^fL ^l?" 6 m . BC ^ m . S haVS ^ dari5ec ' to 68,189 the level of ink in Inkjet pens. US Patent Ma 5.751 300 
i?^ ,? 5 1, a6S ' Sn ? tf to J the pfBS8nt as6i9nee - discloses an ink level sensor used h trailing tube printer. A pair of 
£f£ T "T*? in 8b0dy ° ,fe3n% and ^current between the leads indicates hk level The i leveSfc* 
is used to operate a valve that controls the amount of ink allowed into the pen. US Patent No. 3.07&.57O (Mohr etal) 
f^ 9 ^ *? prMem as3i 9 nee - di6doa <* a binary lluidio indicator m a disposable print cartridge that usTa *S 
tube or other element formed on the ink tank of an InkJet print catndge. The main ink lankof the print cartridge fe tilted 
"f h ' 38 Pf y,JfS ! hane ^ ^ P*** 3150 mentions as alternative ink wntaWne 

glass beads, felt pen fibers, capillary totes, and rolled up plastic film (column 4. lines 15-18). The email elementvS 
provides the optical ink level indication does not contain the capillary material. When the ink level dSLIKSIS 
^TJ^^JT't^ to thus provide a binary indication th* h£ dn?S 

U^fJ The indicator can be either human or machine readable. US Patent No 5.406.315 (Allen eTal" 
assigned to ' l*««nt assigns* discloses an Optical sensor that detects the temperature and Ink level based on 
changes in the reflectivity of a phase change material adjacent to or within the pen body housing. 

*r SI ^tTl^Z^T 1 and ° therin,tlevel datec8on mechanisms, there remains a need for an inexpen- 
as sive and reliable system for automatically detecting the level of Ink fri InkJet pens. 



SUMMARY OF THE INVENTION 



[0003] The present invention provides an inkjet printing system that includes an inkjet prlnthaad and an ink tank hav- 
h 3 i ^J***^* to f,uidI «>lly connect to the prinlhead. A body of particles is disposed In the Ink tankards 
The partJc.es have a first reflect^ when saturated with InkanVa second rEv^Xn 
£ ^ 7* J5f Vlt ^ansparant window is formed one of the walls of the ink tank to provide optical access to 
^T^T^ SBnSOC iS 0pfira " y Xo ink an«l configured to detect the first reflectivity 

« T r ^ 1 and to output the results of the detection. In a preferred embodiment, an ink reservoir is tlu- 

S «*Xed to the «* tank and configured to supply additional Ink into the supply container 
flMOq The invention also provides a method of providing ink to an Inkjet printhead. This meihod includes the steps 

^f^ili ^ aS l^ ada: {C) ^"y^eefingachange in reflectivity of the glass beads when ink in the glass 
„ SlJiffl^ {SS3 " " 8i9na ' <0 ,ndlCale *• h reBeCb '^ ^ (d > refi,lin ° ** 

[0007] The invention thus provides an eff icient end reliable mechanism and method for determining an out of ink con- 
anion in an inkiet oen. 



drtion in an inkjet pen. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

Fig. 1 is a perspective view of a printino system of the invention. 
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Rg. 2 is a perspective illustration of a pen and optical sensor of the invention. 

2" I i f^T^f '1^° n °'l pea censor assembly of the invention. 

Fig. 4 is a schematic illustration of the printing system of Rg. 1. 

f I s 3 6chematic '«uslra«w> of an alternative printing system of the invention. 
5 Fig. 6 is a graph of ink level sensor voltage versus ink depletion lor cyan ink. 

Rg. 7 is a Graph of ink level sensor voltage versus ink depletion for magenta ink 
Fig. 8 is a graph of ink level sensor voltage versus ink depletion for yellow ink. 
Fig. 9 Is a graph of ink level sensor voltagB versus ink depletion for black ink 

"> DETAILED DESCRIPTIOM OF TS-JE ILLUSTRATED EMBODIMENT 

l00Oa 2 J B . ,ustrates a tranin 9 »*• embodiment of a printing system of the invention. This printing system includes 
K 6 ^ 0 ,^" 99 cha6Sis 12 ' canriafia rcd 14.^-age 16. Ink cartridge stalTSSanteS M S^oSS 
J' 5 *" (shown," Phantom lines), and control 36. Also attached to chassis 12 is £Z 
^ ™ r r V Jl C0 ^ Br36 - i8 ^""^'y to a host printfng device (nTsh^SsTp^ 

2 atSSo c^mn2^ 9 ^f^ S '^ ate TT 81 " ° f *e image and/or textured to be printed. (S- 
rlS^T^ COn 'ifS 1 W * pens28 ' 321 34 ^ to a medium-advance motor and a carnage 

tna .fP r °P nats <=°^^ 36 actuates the carriage advance motor to drive carriage 1 6 in the carriage 

T^tZlT^ ESSSl 'iTZS * Bsl 50 01 P»' rt medium^ pens £EE 

rtlvl^^^ " m ^ 4,18 Pleads are addressed by controller 36 to expel droplets of ink in the 

^^TtrjS'E^- 9 • Pa06 - Ane :, asCan fe MmplBl9 ' 38 sendsT^-gnJto the medium! 

f^^J^T ^l? ,n ^ ementeU y in the medium advance direction Y so that |he pens can begin 

IW11] Ink is fed from their* tanks 20. 22. 24. 26 by means of tubes 46 to pans 28. 30, 32 34 Whenanvonaoftha 

S ™ T~ also be replaced, either by the user or a trained technician. 

* TSIL iSlfS^? ^ ! ■ 1:0,1618,5 rf an outBr A™** »• Pnithead 52. mesh filter 54. internal wall 56. 
2? 9 |fl ^ ^ 5R The exterior walls of housing 50 era made of a transparent high density polyetf^awpolypS 

« a vJ£^ "2 "if n8S 9 Pen 58 hast; input pTrt^^eceivingKS 
an a.r vertTD. The mainportaon of the pen body is filled v^hglaes beads 58. as ^.Po^ 68 is fluidicalry conned 
to one of lubes 46 (see Fig 1). which is m turn connected to ink cartridge 20. 

« iTS ttlfr^S'!!? Sma " 70 just above the printhead 52. The fife, 

P ^ ar reach&19 *» Pri"«head. Air that reaches the filter 54 through the beads 58 

Filter 54 13 Preferably formed of stainless steal wire mesh and has pores of about 20 microns 
£ 91358 ^i? 3 surround the «he filter screen. Wetted but only partially saturated beads extend 

ZfJZZ £ V? * ?l Part ' a,ly fi,ted teads cortah ^ ***** in »erfeces that produce the negative prassurTThe 
„ t^^lTZ Tl* S T^f l md saturated *"»* moves toward the filter screen as the Ink Is tired 

* through ftepnnthead. When fitter 54 is wetted, the fitter has a large "bubble pressure" that keeps bubble from passion 
through rt Ink passes preferentially through the screen where the screen contacts saturated brads. 
n^L^ 6 ™ 13 58 have an average diameter of about .012 inches, and have a range from about .010 to about 

7 t, ! dzeafthe beads ^ be adjusted to meet the backpressure needs of the prtnthaad- 
KL?£"Ti^"? imopen28fromtf,a ^ is pressurized by a pumping mechanism (not shown). 

i^32o^ n Sl 8 ^ into ^"J^ W ' frOT v*ereltisabeoroedlnto^s^.lthaebeifbJS 
IXKS ff ^mtto?^^ 8 ^ 10 ^ aiha ^ ert ^P'^to1he P n-n me ad5 2ttl an»the 

™ i^ 95 • n ?i, 3 '["."f?^^ ^ M ' 32 - 34 to carriage 1 6. Ink level detector 60 is positioned to detect the 

,n 'fif bv ^ 1 from baads 58 m each of the pens. Ink level detector 60 is comprised of two Hewlett-Packard Com- 
t?££? ( ?l nm) ^ d ^ eS (LED ' S) 38 araJ a Photcdatactor 64. PhZletector 64 is a SSSSmSl 

™^'„~^ r ^P 03 ^ 1 * a Ph°todtodeand a transimpedence amplifier. Photodatector 64 is electronically finked 
to controller 36. Carnage 16 scans each of pans 28. 30. 32. 34 past a position where the LEO'S 62 can illuminate the 

* ™L^, @ I e P ^ St ^ 6 l Ca " ^ ^ re},ecBvit y ^ * e 9 ,HS » Phutodetector 64 and LED's 62 are 
a ^ntednearthengtithands)deofprinterlOasviewedinFig.l.butlsnotvi^einF« 

SOU J™ '^T^ ieS ^ 9 01 *" 9,386 beeds ch0S8n is a change in reflectivity depending on 

whether! here e ink present in the beads. When the glass beads are not saturated with ink. they are ZtitetoaJw 
ance and look somewhat like snow. When they are saturated with ink. they lake on the appearence of the ink Whence 
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bM* are no longer eatumted, they take on a very pale version of the Ink color, and are much more reft***. To the 

T^*^*" qU,le deteCted * di6CuSS6d ^ * to ^9. testing has indicated that for 

each of the Ink colors, cyan, magenta, yellow and black, detected changes in reflectivity occurs in the a£ tart 

[0018J Another important characteristic of the glass beads is their ability to maintain the ink at the appropriate back- 
I W ■■ *? ^ a ^ a9aS - R)rthe present Ptoses- The liquid is the inkja} ink. the solid is the capillary 

ecules arnone each other, and the adhesion of the liquid molecules wiih the soEd forming the capillary element An 

f m ^,? * e m °! ecula , r »■«•»" between the liquid and the solid forming the capOlary element is 
me contact angle 6 that will occur when me Ikjuld is 0^ 

S * ^^^sity polyettvlene has a higher contact angle with ink than the glass beads. This 

means that the polyemytene » loss wettable by the Ink than the glass beads. This feet is important to the function of the 

^SH.h^fT T ^ TT HT y remain °" inkm ™ and therefore mask the reflectivity (and 

therefor© the ink saturation) of the glass beads. v 

EHJ!r.!? - W B c ^.™ tart *"*»th. pen. ftisdasirawetoconsidernotonvthasfaticdifferontialcap- 
E e^SESE* ^^'^J 0 , ' nkf,0W - * S im30rtart ta r€?i » 1,16 ^ *** In <*» refilling 

H ° f i^ rt JOb - ln oeneral - a «V porous media is desired in order decrease 

neastance to fluri flow. A very wefeble material, one with a very low contact angle, reduces resistance to flow in too 
ways. Fin* rt allows larger votd size and often a larger permeability for a given capillary head. The measure of the ability 
' 15* " a capillary ^ beora iwoua material, to drew liquid upward from a given level against 
the fores , of gravrty is referred to as its "capillary head." In general, capillary head can be described by the following 

h= — cos® (i) 



where: 

Lp E.tha wetted perimeter of the void containing the meniscus 
Ap =*e wetted area of the void occupied by the meniscus 
a =1ha surface tension of the liquid 
p =ihe density of the liquid. 

9 =the contact angle of the liquid on the capillary material, 
g =the gravftallonal constant 

l<HK1] AsmaH ratto of Lp/Ap corresponds to a large void size and often correlates to a large permeability. A less wet- 
table material (one for which the cose term is small) must have a larger ratio of U«p. and a correspondingly smaller 
void slza and lower permeability, than a more wettable material in order to achieve the^ame capillary head. Small pore 
sEeand low permeability may result in unacceptable pressure leas and inadequate ink flow a! high Ink flow rate. 
[0022] A second way in which a vary wettable material may reduce resistance to inkflow is by reducing 1he threshold 
pressure necessary to initiate movement In the ink menisci of the porous media, lit has bean noted that menisci in 
porous rrtedte iteror to exhibit hysteresis in which they resist movement of the alr/liqiid interface until a threshold pres- 
sure^ reached. This phenomenon can be observed on raindrops which stick to a windshield. The magnitude of this 
resistance increases wrth increasing contact angle. In other words, for a given liquid (ink for example) the resistance to 
meniscus movement is higher for porous media which are less wettable. 

Q ff ******* a A** P° raus m ** um ^ »e ink. Glass has a low contact angle with liquids such as water, 
ateohol. ea*on tetrachloride, xylene, glycerin an acetic acid. The low advancing liquid contact angles are helped by the 
dean and smooth surfaces available with glass beads. Tests show a capillary pressure that is more consistent than 
nam during imbibation and drainage. 

tcnaq Rg. 4 is a schematic representation of a printing system of the Invention, and includes pen 28. optical sensor 
60. pressured ink reservoir 20. valve 80. and lube 46. A parsonal computer 82 is communicatively linked to controller 
30-When optical sensor 60 detects a taw ink level, a signal indicating such is sent to controller 36. Based on this signal 
controller opens valve 80 to allow pressurized ink to flow to pen 2a 
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EL ft* 0 " 6 ' *l aC ^f!f ^ 80 to open and allow a preselected amount of ink to fill pen 28. This amount is 
selected to be enough to fill the pen to a full state from the low state at which a low ink level is detected ThTai™,^ 

thesarne low teve . TheprtnOng system then can print again until another low Ink level Is sensed. VVhenthXvirS 
When the ink reservoir 20 Is empty, it is discarded and replaced with a new one. 

V*. a "J""* fe P r ° semato « 1 «* ^ InterrrfttenMill or Tate^dp" embodiment of a printing system of 
Jr^Z™ V a J 5 " 1gte 2 • ^ intttank<leaCTibed - " « * ^rslocd that this diacusslonTSSaSve 
10 £Z£ ^ a !^ C ^ ed . ,n r8ferenCa *° R9& lHl 71,18 P*** pen 90. optical senWl^con- 

E£ £ T^IT "^k 96, If* irtktelnk ,0 °' 94 is dso communlcaHvely , ln ^d to a penand ««> 

E£ J ^ Pe " 90 ^ t T pare,1t waUs ^ is «'«* Blase beads. Optical sensor 92 optically d^toink 
£1 T m "? n80fa ,n reflect **y Of the glass beads. When a low irk level to detect* TcSSZ 94 

^IS^S ^'l 96 T 96 to P 08 *' 0 " f^n 90 in fluldiG contact With ink tar* 100. When pen » totalK 
ton. controller 94 actuates valve 98 to cause Ink tank 100 to refill pen 90 ^ 

" !S^!LI1 9 1 6 * r ° U * 9 "? ***** * * e *> to 9» 'eadoute from ink sensor 60 as a function of ink deletion from 
^S^L?? ^ "T^" ^ and ^P 8 "^- 3°. « ^ inkremoval is given In mnii| itere 1LXe^ 
m^ 9 , 9,V ST A L Ca " ta SBen fr0m Sraphs. a definite change in sensor voltage oeourtw Ink 

leaves the pensJWhen the.nktanks are toll such that the beads are fully saturated with ink the voltage 

a ^t?^^ T"**? miUiv0fa - ™» vol ^ e represents afrst refleSvi^oTS*^ 
^ffL PenS ' 01 *° **** bBcames ,eS6 « reflectivity iTeases. andfte 

votege level of the sensor increases. The controller may be programmed to select a specific voltage level far the out- 
of , condftoa For example, 500 millivolts may be selected as the out-of ink condition tor all colors. Alternatively each 
™" un «« ue ,h ™ ahold ^ ««mple given the voltage output levels shown in Rgs. 6-9. a to* 
of 1000 miirnrtHts may be chosen tor cyan and 500 millivolts may be chosen for the other colors. This high* vohaae «vd 
ss represents a second reflectivity far the glass beads. nwmgngr voltage level 

Claims 

t. An Inkjet printing system (Fig. 4. Fig. 5), comprising: 

90 „ 

an Inkjet printhead (52); 

a pen housing (50) having walla and configured to fkiicDcally connect to said printhead KB); 
a body ot particles (58) disposed in said pen housing (50); 
ink disposed in said particles (58); 

X 2! Sink (58) HaVin9 afirel re " eclivi,y when ^"^ed w«h ink and a second reflectivity when not saturated 

^transparent window farmed one of said walls of said pen housing (50) to provide optical access to said par- 
tides (58); and 

9 " SanSOr m 0p8caay COupled to *** Pen housin 9 (50) and configured to detect said first reflectivity 
•» and 6aid second reflectivity and to output the results of sad detection 

2. An "mlqet printing system (Fig. 4. Fig. 6) according to claim 1. further comprising: 

tm^ p ^^ToS) 1{lMaal>/ CCl * J ' ed t0 Said Pen h0usi " 9 (50) and confi90red ,0 ^ ad * t, ' onal Jnk 

S. An inlget printing system (Fig. 4. Fig. 5) according to dalm 2. further comprising: 

a valve fluidlcally coaled to said ink lank (20. 22. 24, 26) and configured to open to allow ink into said pen 
so housing (50) from said tank (20. 22. 24. 26) when said optical sensor (60) senses said second reflectivity 

4. An inlget printing system (Fig. 4. Fig. S) according to daim 2. wherein said printing system (Fig. 4. Fig. 5) is com i» 
ured to .ntermrttently fluidically connect said tank (20. 22. 24. 26) to said pen housing (50) when said optical detec- 

^ tor provKtes output that said partiolea (58) have said second reflectivity. ^ 

5. An iniqet printing system (F«. 4. Fig. 5) according to claim 1. wherein said particles (58) are heads (58). 

6. An inket printing system (Fig. 4. Fig. g according to daim 1. wherein said particles (58) are glass beads (58). 
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7. An inKqet printing system (Rg. 4, Fig, 5). comprising: 
a printer chassis; 

an inkjet pen having a prirrthead (52) and a pen housing (50) , said pen housing (50) having walls, aid pen being 
rnechanlca Iry associat* ^ said chassis to position said printed (52) pr^maie a print medium: 
a body of glass beads (58) disposed in said pen housing (501; 
ink disposed in said body of glass beads (5$); 

^^aM^SSSS^ haVi " 9 3 flrSt reflectivhy ^ ^ ** and a second reflectivity when 

W Sf t 3a^bSrS aid" 7 * ^ said walls of said pen housing (50) to provide optical access to said body 

ail optical sensor (60) optically coupled to said pen housing (50) and configured to detect said first reflectivity 
and said second reflectivity and to output the results of said detection. 

ts 6. An inlqet printing system (Rg. 4^^ 

^^So^iS. flUkJiCa " y MUP,ed tosaWpen (50 > ^ wnf ^ to «** «**tonal ink 

so 9, An in^et printing system (Fig. 4, Rg. 5) according to claim 8. further comprising: 

a valve flutt^ coupled to said ink tank (20. 22. 24. 26) and configured to open to allow ink Into said pen 
housing (50) from said tank (20, 22. 24. 26) when said optica! sensor (60) senses said second reflectivity. 

ured to tfriemtttM^ I luidically connect said tank (20. 22, 24, 26) to said pen housing (50) when said optical detec- 
tor provides output that said particles (58) have said second reflectivity, 

11 . A method of providing ink to an inkjet prfrrthaad (52), comprising the steps of: 

filling ink Into glass beads (53). which are fluidicaJly coupled to and supply ink to said prirrthead (52): 
optically monitoring the reflectivity of said glass beads (58); 

optically detecting a change in reflectivity of said glass beads (58) when tnk in said glass beads (58) is depleted 
and producing a signal to indicate said change in reflectivity; and 

refilling ink into said glass beads (58) based on said step of optically detecting said change in reflectivity. 

12 " * ™5?™* acc ^g W claim n, wherein said steps of fffling ink and refilling Ink are performed from a tank (20. 22. 
24. 26) through a tube fluidically coupled to said glass beads (58). 

40 13 ' Ame^od acrordingtoclairn 11, wherein said stei* cif fining ink 

24, 26) which is intermittently fluidically coupled to said glass beads (58). 
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